To investigate the association between circulating C-reactive protein (CRP) concentrations and indices of body fat distribution and the insulin resistance syndrome in South Asians and Europeans. DESIGN: Cross-sectional study. SUBJECTS: A total of 113 healthy South Asian and European men and women in West London (age 40 -55 y, body mass index (BMI) 17 -34 kg=m 2 ). MEASUREMENTS: Fatness and fat distribution parameters (by anthropometry, dual-energy X-ray absorptiometry and abdominal CT scan); oral glucose tolerance test with insulin response; modified fat tolerance test; and CRP concentration by sensitive ELISA. RESULTS: Median CRP level in South Asian women was nearly double that in European women (1.35 vs 0.70 mg=1, P ¼ 0.05). Measures of obesity and CRP concentration were significantly associated in both ethnic groups. The correlation to CRP was especially strong among South Asians (P<0.01) for measures of central obesity (waist girth and visceral fat area), whereas BMI and percentage fat were more significantly associated with CRP in Europeans (P<0.05). In South Asians the associations of CRP with visceral fat area and waist girth persisted after adjustment for either BMI or percent fat (all, P<0.05). In age-, sex-and smoking-adjusted regression analyses CRP concentrations were significantly associated with fasting and 2 h insulin and lipid levels in both ethnic groups (P<0.05). When further statistical adjustment was made for visceral fat area these associations were abolished (P >0.15). CONCLUSION: We suggest that adiposity and in particular visceral adipose tissue is a key promoter of low-grade chronic inflammation. This observation may in part account for the association of CRP with markers of the metabolic syndrome. Future studies should confirm whether CRP concentrations are elevated in South Asians and whether losing weight by exercise or diet, or reduction in visceral fat mass, is associated with reduction in plasma CRP concentrations.
Introduction
C-reactive protein (CRP) is an acute phase reactant which is a marker of inflammation in the body. Mild elevations of CRP concentrations even when within the clinically 'normal' range are independently predictive of future cardiovascular events.
1,2 The causes(s) for increased CRP in apparently healthy individuals is not clear. Recently, elevated CRP levels have been associated with the features of the insulin resistance syndrome, namely abdominal obesity as assessed by waist girth, fasting glucose, hyperinsulinaemia and insulin sensitivity, high triglyceride and low HDL-cholesterol. 3 -9 However, studies of the association of CRP with more detailed measures of body fatness, namely visceral and subcutaneous fat depots, are lacking. These are needed since visceral adipose tissue measures appear to be more closely linked with features of the metabolic syndrome and could be an important source for pro-inflammatory cytokine production in healthy individuals.
South Asians (people of Indian, Pakistani, Bangladeshi or Sri Lankan descent) overseas have an increased risk of developing coronary heart disease (CHD). 10 Conventional risk factors fail to explain the excess CHD risk in South Asians compared with Europeans, but an enhanced predisposition for central obesity and insulin resistance accompanied by raised triglyceride and lowered HDL-cholesterol concentrations are likely to be contributing factors. 11, 12 Whether inflammation also contributes to this increased CHD risk in South Asians is not known, but it is important to determine this since it may have therapeutic implications.
The objectives of the study therefore were to test (i) if there is an association between circulating CRP concentration and a detailed panel of body fat measures in South Asians and Europeans, (ii) if, as a result, CRP concentration correlates with other measures of the insulin resistance syndrome (insulin and lipid levels), and (iii) whether CRP concentrations are elevated in South Asians compared to body mass index (BMI) matched Europeans.
Methods
We performed a cross sectional study of 113 healthy men and women. Written invitations with a covering letter by the general practitioner were sent to randomly eligible subjects from the registration lists of four general practitioners in West London. A short one-page questionnaire was sent to ascertain by direct enquiry the age, ethnic origin, past medical history and approximate BMI (by asking for height and weight). Healthy subjects who were aged 40 -55 y, had a BMI between 17 and 34 kg=m 2 , and were of South Asian or European origin were recruited to participate. Ethnic origin was confirmed at the first visit on the basis of appearance, name and direct enquiry. The participants were frequencymatched for BMI to achieve roughly equal numbers of Europeans and South Asians in each of four categories of BMI (<23, 23.0 -25.9, 26.0 -28.9 and >29.0 kg=m 2 ). Exclusion criteria were history of diabetes or CHD, drugs known to affect insulin resistance or lipids (including hormone replacement therapy or oral contraceptive use in women), fasting hypertriglyceridaemia (>3.5 mmol=l), and any chronic illness or weight-losing condition. Informed consent was obtained from all participants, and ethical approval for the study obtained from the local ethics committees.
Measurements
Anthropometric measurements included height (cm), weight (kg), and waist and hip circumferences (cm). From this BMI was calculated as weight=(height) 2 in kg=m 2 . A 75 g standard oral glucose tolerance test 13 with insulin response was carried out. Percentage body fat was measured by dual energy Xray absorptiometry. Visceral fat area (VFA) was measured by a single-slice (10 mm thickness) CT scan at the level of L4 -L5 using a Toshiba X-speed scanner, with exposure time 2.7 s and exposure factors 160 mA and 120 kV. Participants were scanned in a supine position with arms stretched above their heads. The VFA was measured in the attenuation range of 7190 to 730 HU by drawing a line within the muscle wall surrounding the abdominal cavity.
14 Fat tolerance test was performed using a modification of Patsch's method, 15 with 65 g fat per square metre of body surface area, and fasting and 8 h postprandial samples collected for lipid estimations. During this visit fasting blood was also collected for CRP concentration measurement. Smoking was recorded as current, ex-and never smoker, but due to very small numbers of current smokers, it was coded in analyses as ever or never smoker. Social class was coded as manual or non-manual based on occupation.
Laboratory analyses C-reactive protein was measured using a sensitive doubleantibody sandwich ELISA with rabbit antihuman C-reactive protein and peroxidase conjugated rabbit anti-human Creactive protein. The assay was linear up to 5 mg=1 and logarithmic thereafter. The interassay and intra-assay coefficients of variation were less than 10% across the range of measured results. 16 Plasma glucose was measured by the oxidase method. Plasma insulin concentration was determined by a microplate-based chemiluminometric assay (Molecular Light Technology Research Limited, Cardiff, UK). Inter-assay coefficient of variation (CV) was less than 7%. Plasma triglyceride, cholesterol and HDL cholesterol were measured in EDTA plasma samples within 48 h. The triglyceride assay used Triglycerides N (WAKO, Alpha Laboratories) with intraassay CV of <1% and inter-assay CV <4%. The cholesterol assay used the enzymatic reagent 'CHOL' (Boehringer Mannheim) with inter-assay CV of <2%. HDL was separated by precipitation of other lipoprotein fractions with manganese chloride and heparin solution. The inter and intra assay CVs were <5% and <1%, respectively.
Statistical analyses
As the distribution of CRP level was skewed, median values of CRP level were calculated, and groups compared by Wilcoxon rank sum test. Regression analysis was used to test associations between variables. Skewed variables were log (natural) transformed; these included CRP, triglyceride, HDL-cholesterol, insulin and VFA. In a series of multivariate analyses ln CRP was examined as the outcome variable in relation to age, smoking, social class and body fat distribution, insulin and lipids. All analyses were performed using STATA version 5.0 (STATACORP, Texas, USA). Measures of obesity and CRP concentration were significantly associated, as shown in Table 2 . The association was especially strong among South Asians for measures of central obesity (waist girth and visceral fat area), whereas BMI and percentage fat were more significantly associated with CRP in Europeans. Moreover, in South Asians but not Europeans the associations of CRP with visceral fat area and waist girth persisted after correction for either BMI or percentage fat (all, P<0.05). Social class was not significantly associated with CRP in either ethnic group in this study. For the entire study group, with CRP level as the dependent variable and putting into the model age, sex, ethnic group, smoking status, percentage fat and visceral fat area, the only independent correlate of CRP level was visceral fat area (beta ¼ 0.87, P ¼ 0.005). The latter (VFA) was also the only independent correlate of CRP level if BMI was in the model instead of percentage fat.
Results
In age-, sex-and smoking-adjusted regression analyses CRP concentration was associated with insulin and lipid levels in both ethnic groups. For the entire study group Table 3 shows that there was an independent association between CRP level and fasting and 2 h insulin and fasting and 8 h triglyceride and fasting HDL concentration in analyses adjusted for age, sex, ethnic group and smoking. Further adjustment for total percentage body fat reduced the significance of the associations between CRP level and insulin and lipids in most cases to 0.05 < P < 0.10 but did not completely abolish them except for HDL-cholesterol. When statistical adjustment was made for visceral fat area the significance of the associations was abolished in all cases (P>0.15). The results for the association between CRP concentration and HOMA (homeostasis model assessment, as a marker for insulin resistance) were virtually C-reactive protein, body fat and ethnicity NG Forouhi et al identical to the results for fasting insulin (data not shown). None of the subjects had diabetes, based on history or the glucose tolerance test. There were eight subjects with impaired glucose tolerance in this study group and they were not excluded from the analyses presented. However, when the analyses were restricted to only those with normoglycaemia (n ¼ 105), the results were unchanged and in the same direction as reported.
Discussion
The present study is important for several reasons. First, this is as far as we are aware one of the first studies relating CRP concentration to a detailed panel of markers of adiposity including visceral fat and percentage fat measures. We noted strong correlations between all markers of adiposity and CRP in both ethnic groups. However, there was a difference in pattern between the two ethnic groups. In South Asians but not Europeans, visceral fat area and waist girth were strong (P < 0.01) correlates with CRP whereas BMI and percentage fat only showed trends of association (P < 0.10). Interestingly, both visceral fat area and waist girth were associated with CRP concentration even after adjustment for either BMI or percentage fat in South Asians. These latter two observations suggest that, at least in this ethnic group, visceral adipose tissue may be an important contributor to lowgrade chronic inflammation.
These data accord with preliminary observations of Despres et al. 17 They noted in a cross-sectional study of 168 men that highest CRP concentrations were observed in those with both obesity and a high accumulation of visceral adipose tissue. In other words, visceral fat was associated with CRP independently of total adiposity. However, they report this independent association in a group of men of presumed European origin, while we found the independence of association only in South Asians in our study. This difference could be due to the smaller numbers in our study (57 Europeans) compared with theirs (n ¼ 168), the fact that their study was restricted to men but ours also included women, and that their study sample was generally more obese (mean BMI 30.5, s.d. 4 kg=m 2 ) than our European sample (mean BMI 25.5, s.d. 3.5 kg=m 2 ). There is clearly a need for other groups to perform such studies as well to see if these associations can be replicated so that comparisons can be made.
Second, we were able to confirm the association of CRP with markers of the metabolic syndrome in our population. Indeed, in line with the recent work by several groups, we noted that CRP correlated (positively) with insulin measures, triglyceride (fasting and 8 h levels) and (inversely) with HDLcholesterol. 3 -9 Interestingly, addition of percentage fat mass to these analyses weakened, but did not abolish completely, many of the correlations presented. In contrast, addition of visceral fat area into these analyses abolished all significant associations (P>0.15). The above observations add weight to the argument that adipose tissue-derived cytokine expression (TNF-a, IL-6), perhaps particularly from visceral adipose tissue, is an important contributor to low-grade chronic inflammation, just as it plays a prominent role in the metabolic syndrome. In other words, accumulation of visceral adipose tissue is a key factor underpinning up-regulation of both features of the metabolic syndrome and low-grade chronic inflammation. In this respect it is noteworthy that visceral fat is drained by the portal vein to the liver and the liver is the principal site for both CRP production, under cytokine stimulus, and for the synthesis of triglyceride-rich lipoproteins, the latter from the substrate non-esterified fatty acids (NEFAs). Moreover, cytokines can stimulate adipocyte lipolysis directly and promote de novo hepatic fatty acid synthesis. 18, 19 Elevations in NEFA flux, in turn, may be linked to impaired hepatic and peripheral insulin sensitivity. 20 These combined observations would also explain the correlation of insulin sensitivity to CRP, as recently noted by Festa and colleagues, 9 who suggested that low grade chronic inflammation is likely a part of the insulin resistance syndrome. Interestingly, the thiazolidinedione group of insulinsensitising drugs has recently been shown to decrease several low-grade inflammatory markers in people with type 2 diabetes. 21 Third, we report for the first time increased CRP concentrations in healthy South Asian women relative to European women frequency-matched for BMI. The increased CHD risk in South Asians overseas compared with other groups is not fully accounted for by traditional risk factors. A higher inflammatory response in part mediated by increased visceral fat mass could be an additional risk factor contributing to the increased risk of CHD in South Asian women, and larger studies in both South Asian men and women are needed to expand on our results. If confirmed, then CRP concentration may be useful in assessing the extent of excess risk of CHD in South Asians. Prospective studies are needed to address this potential. Furthermore, a possible next step might be to evaluate the efficacy of aspirin therapy in reducing the high CHD risk in this group, since Ridker et al 1 have demonstrated that the efficacy of aspirin in reducing the incidence of myocardial infarction appears to be directly related to the level of CRP.
Finally, the observation of an association between 8 h triglyceride and CRP level in this study is novel and suggests a link between inflammation and postprandial fat clearance. This may be a direct effect of cytokines (IL-6 or TNF-a) on the activity of lipoprotein lipase 18, 22 (the endothelial enzyme responsible for catabolism of triglyceride-rich lipoproteins), or alternatively may reflect the association of both factors with insulin resistance and visceral adiposity.
In conclusion, we suggest that adiposity, and perhaps in particular visceral adipose tissue, is a key promoter of lowgrade chronic inflammation. Further studies are required to confirm this observation, which may in part account for the association of CRP with markers of the metabolic syndrome. Future studies should assess whether losing weight by exercise or diet, or therapeutic modalities such as PPARg agonists associated with reductions in visceral fat mass, are associated with reductions in plasma CRP concentrations.
